The effect of pre-gamma irradiation on track density, bulk etch rate and light absorbance in CR-39 was investigated.
INTRODUCTION
CR-39 is a polymeric nuclear track detector which is currently being used for fast neutron detection. During use nuclear track detectors may sometimes be exposed to high intensity gamma radiation fields. Such gamma exposure can induce changes in the bulk detector material and in the latent damage tracks, if the damage tracks were induced in the material before or during gamma irradiation. CR-39 detectors were exposed in pairs to doses of 6oCo gamma rays ranging from 0 to 280 kGy (0 to 28 Mrad). All gamma irradiations were performed using a 6oCo gamma cell. c5) Four unirradiated detectors were used to determine the background track density. A micrometer was used to measure the thickness of the CR-39 detectors before and after etching. The difference in thickness was used to determine the bulk etch rate. The bulk etch rate is defined as the thickness removed on one side per unit time. The accuracy of the micrometer was 2.54 pm (0.0001 in).
After gamma irradiation the CR-39 detectors were exposed to a known fluence This takes place if the molecules are joined together at points where the gamma radiation has created free radicals. In this case more than one kind of cross linking can take place. If cross linking takes place the molecular weight increases, resulting in a decrease in the bulk etch rate.
For CR-39 the increasing bulk etch rate with increasing gamma dose suggests the predominance of scission of the polymer when irradiated with gamma rays.
In chemical etching there is the simultaneous action of two processes, chemical dissolution along the particle trajectory at a linear rate Vt referred to as the track etch rate; and a general attack on the etched surface and on the interior of the track at a lower rate V, referred to as the bulk or general etch rate.
The development of a particle track is the resulting effect of the two etch rates Vt and Vg.c3) The track etch rate Vt depends on the dose deposited along the particle trajectory. The bulk etch rate V, depends inter alia on the background dose.
The etching efficiency for particles incident at a 27r solid angle (assumed to be isotropic) is given by the expression where r], the etching efficiency is defined as the fraction of tracks intersecting a given surface that are etched on the surface under specified etching conditions.(")
The etching efficiency deals primarily with geometrical requirements for revealing the tracks that are present. Changes in the ratio Vg/Vt affect the etching efficiency and in turn the track density. If the ratio Vg/Vt increases, q decreases and the track density decreases. If the background dose is the same as the dose deposited along the particle trajectory i.e., V, = Vt, then the etching efficiency reduces to 0 and no track is revealed. This could be the explanation for the decreasing track density from 0 to 30 kGy as is seen in Figure 1 . The bulk etch rate also increases in this dose range as is evident from Figure 2 . This would result in a decreasing etching efficiency, and hence a decreasing track density with gamma dose. The interaction of gamma radiation with polymers could also produce organic species, which would also play a significant role in the absorption of ultraviolet light. The peaks in Figure 4 are quite broad indicating the likely formation of more than one type of organic species or centers. As the relative composition of the components of the organic species or centers changes the peak broadens and shifts in wavelength.
In Figure 4 we also see that there is a deviation from zero absorbance when unirradiated CR-39 samples are used both in the reference beam and in the sample beam. This deviation is not very significant and can be caused by minor variations in the thicknesses of the samples (which we observed), and from the fact that the samples were not always perpendicular to the incident UV beam.
Hence the absorbance studies are not quite quantitative. A small correction needs to be made for these variations.
The total area under the curve of absorbance versus wavelength in the range of 220 to 370 nm (Figure 4 ) is related to the number of centers or absorbing species contributing to the absorption band.( 11J2) This in turn is related to the absorbed dose in the CR-39 sample. The areas under the curves in Figure 4 were determined with a planimeter and are shown in Figure 5 plotted against the corresponding gamma doses. The area-gamma dose relationship appears to be quadratic from 0 to 40 kGy and linear for higher gamma doses. 
